Objective : The increased use of bypass surgery in the treatment of ischemic cerebrovascular diseases requires a better understanding of the superficial temporal artery (STA) anatomy. This study is to describe the gross anatomy of STA in adult Korean population with respect to cranial surgery and to provide basic anatomic data for bypass surgery.
INTRODUCTION
The superficial temporal artery (STA) is one of the terminal branches of the external carotid artery (ECA). It supplies the face and scalp together with other branches of the ECA. The STA is one of the primary bypass conduits used to distally perfuse the brain in ischemic cerebrovascular disease or an intracranial complex lesion, and for this reason, the importance of understanding the anatomy of the STA is growing. Ethnic anatomic differences may exist for the STA, 2) but the gross anatomy of the STA in Korean adult population has not been reported in detail.
The outer diameter of STA has been generally investigated by cadaver studies, [1] [2] [3] [4] [5] and only 1 study reports the inner diameter by the use of conventional angiogram. 7) The objective of this study was to evaluate the distance of STA bifurcation from the superior margin of the zygomatic arch, keyhole, and posterior margin of mandibular condyle in adult Korean population. Additionally, the inner diameters of STA were evaluated, and suitable branches for microvascular anastomosis were investigated.
3)7)
METHODS
Thirty five patients who visited the neurosurgery department at our institution due to vascular diseases were evaluated retrospectively in this study. In each patient, the both left and right STAs were evaluated, for a total of 70 STAs.
The location of the STA bifurcation around the zygomatic arch was classified as one of the following:
above the superior margin of the zygomatic arch, over the zygomatic arch, or below the inferior margin of the zygomatic arch.
The distance of STA bifurcation were also evaluated from other cranial landmarks, for example the superior margin of the zygomatic arch, posterior margin of condylar process of the mandible, and keyhole ( Fig.   1 ). The inner diameter of STA was measured at the superior margin of the zygomatic arch, 1 cm above the superior margin of the zygomatic arch, 1 cm be- 
RESULTS
The mean age of the 35 subjects was 58.9 years (± distal from bifurcation, respectively. The diameter of the same frontal and parietal branches were 1.2 ± 0.5 mm and 1.1 ± 0.6 mm at 7 cm distal from the superior margin of the zygomatic arch, respectively (Table 3) . than at the super margin of zygomatic arch. As the STA passes through the connective tissue around the zygomatic arch, it takes on a hairpin shape to allow flexibility for the movements of mastication. This appears to be why the distal artery has a larger diameter than that of the proximal portion. Furthermore, 12
STAs in this study were found to bifurcate over or below the zygomatic arch. In these cases, the proximal STA bifurcation has a larger diameter than it does at Parietal branch was measured at 1 cm distal from bifurcation to parietal branch. STA= superficial temporal artery; SD= standard deviation; ZA= zygomatic arch. the distal zygomatic arch. In fact, among the 57 STAs with bifurcations above the zygomatic arch, the diameter at 1 cm below the bifurcation was 1.7 ± 0.5 mm.
Some studies have found that the diameter of the parietal branch is larger than that of the frontal branch.
However, we did not find any significant difference in the diameter of frontal and parietal branches.
In this study, the STA diameter at the zygomatic arch was 1.8 ± 0.5 mm, but others have reported the STA diameter at the same location to be between 2.0 mm to 2.7 mm (Table 5) . This difference can be explained by the differences in study design. In previous reports, these measurements were obtained in cadaver studies with the STA expanded by preservative fluids, whereas contrasted CT angiogram in live human subjects was used in our study. In our case, the STA measurement may have been made during either systole or diastole; and therefore, the measurements made on a pulsating artery could be smaller than the artificially expanded artery from cadaver studies. Furthermore, the study measurements on CT images were for inner diameter of the artery, whereas the measurements made in cadaver studies was that of the outer diameter and included the thickness of the vessel wall into the overall diameter. In a study by Stock et al., 7) the average diameter of STA at the zygomatic arch was 2.0 ± 0.3 mm in cadavers and was 1.9 ± 0.7 mm in a radiologic study in live human subjects. In that study, the radiologic diameters were smaller by 5% at the zygomatic arch, 18% at the frontal branch, and 28% at the parietal branch, when compared with those measurements from cadavers. Chen et al. 2) reported a cadaveric study on STA anatomy in Chinese population. In that study, the STA diameter was 2.1 ± 0.5 mm at the zygomatic arch, 1.6 ± 0.2 mm at the frontal branch, and 1.7 ± 0.2 mm at the parietal branch ( Table 5 ). The STA measurements in this study of Korean population were smaller than the Chinese equivalent by 14% at the zygomatic arch, 12% at the frontal branch, and 18% at the parietal branch, re- In our study, one case did not have a parietal branch. Thus, the proportion of frontal branches was 53 out of 70, whereas that of parietal branches was 46/69. STA= superficial temporal artery. (radiological) and current study measured inner diameters of the superficial temporal artery of living people, but other's measured outer diameters of cadavers. In comparison, Marano et al. 3) and Pinar et al. 5) reported higher rates of suitability in their populations (Table 6 ). This discrepancy suggests that a smaller proportion of Korean patients requiring bypass operation may have a suitable STA compared to patients elsewhere. Further, we measured the inner diameter of the STA branch, so the thickness of the vessel walls presumably accounts for some parts of the difference.
The rate of suitable branch of the frontal STA was bigger than the parietal branch (Table 6 ). However, there was no significant difference between them.
To save the STA during cranial surgery, we drew the imaginary line of the STA considering the relationship with pericranial structures and CTA, then dissected carefully from the distal part. We undermined over it pulling the skin by forcep, if it met STA trunk or branch. Saving STA trunk is critically important, and the skin incision would be posterior to STA trunk rather than anterior at tragus level.
The limitation of this study is selection of patients.
Among the patients evaluated in this study, there Considering the high standard deviations of STA anatomy, 3D CTA study might be helpful in the preoperative setting. Even if the image modality is not available however, a better understanding of the STA anatomy in its relationship to the landmark structures would help to preserve this important artery during a cranial operation.
